Objectives-An updated version of a national surveillance system of traumatic occupational fatalities was used to explore adjusted and unadjusted trends in rates of fatal injury. Methods-Data from the national traumatic occupational fatalities surveillance system were combined with data on employment from the United States Bureau of Labor Statistics. Poisson regression was then used to examine trends in rates of occupational fatality injuries while controlling for demographic and workplace characteristics. Results-Adjusted annual changes in rates of fatal injuries ranged from a decline of 6.2% for workers in technical and administrative support occupationsfor example, health, science, and engineering technicians, pilots, computer programmers-to an increase of 1.6% in machine operators, assemblers, and inspectors. For industries, annual changes ranged from a decline of 5.3% for workers in public administration-for example, justice, public order, and safety workers-to an increase of 2.6% for workers in the wholesale trade. By comparison, the annual decline over all industries and occupations was 3.1%. In many industries and occupations, an eVect modification of annual trends by the age of the worker was also found with the oldest workers experiencing either no decline or a significant increase in rates of fatal injuries. Conclusions-This general pattern of decline, adjusted for the eVects of demographic characteristics of the worker population, is encouraging; however, increases in rates of fatal injuries found in particular industries and occupations, suggest appropriate targets for increased injury prevention eVorts. (Occup Environ Med 1998;55:485-489) 
About 6300 workers died in the United States every year during the 1980s in occupational fatal injuries, which translates to about seven fatalities per 100 000 workers. 1 2 The mere magnitude of this statistic reflects the public health significance of occupational fatal injury and the importance of eVorts to mitigate the factors that contribute to fatal injuries.
The National Institute for Occupational Safety and Health (NIOSH) National Traumatic Occupational Fatalities (NTOF) surveillance system has accumulated over a decade of experience (since 1980) tracking rates of occupational fatal injuries. Previous research has investigated trends in rates of occupational fatal injuries over calendar years 1980-5 3 and over years 1980-9 2 by demographic characteristics such as race, sex, and age and by different industry and occupational groups. An updated version of the NTOF data is used in conjunction with employment estimates to explore whether trends in rates of fatal injuries exist above and beyond diVerences that might be explained by changes in demographic, industry, or occupational characteristics. Also, model based estimates of trends in fatal injuries are obtained.
Methods
Data from the NTOF database were combined with data on employment from the United States Bureau of Labor Statistics (BLS) to compute injury rates for these analyses. The NTOF database is a death certificate based census of occupational fatal injuries in the United States containing case data of deaths including year of death, sex, race (white, black, other), age (collapsed into 11 intervals for our analysis), industry, and occupation. Levels of the industry classification correspond to the main standard industrial classification sectors 4 whereas the levels of the occupation classification are from the census occupational classification system. 5 (Table 3 shows a description of the industry and occupation groupings used in this analysis.) The BLS employment data were based on unpublished data tabulated from the current population survey 6 constructed in response to an agreement between BLS and NIOSH. Potential biases and shortcomings associated with these data sources are discussed in the final section of this manuscript. Note that if biases are constant-for example, the numerators are a systematic undercount but the degree of undercounting is the same from year to yearthen this should not adversely aVect an assessment of trends.
We modelled rates of occupational fatal injuries as an explicit function of year to formally evaluate trend with adjustments for other predictors. Poisson regression models, a generalised linear model with a log link, and a Poisson response distribution were used. [7] [8] [9] [10] These log linear models represent log rates as linear functions of predictor variables of interest. The rate in this analysis is simply the number of fatal occupational injuries divided by the number at risk (person-years).
In this analysis, we consider regression models of the trends in rates of occupational fatal injuries both as a function of year unadjusted for any other predictor variable and as a function of year and worker characteristics (race, age, sex). The model in which trend in rates of fatal injuries is evaluated unadjusted for other predictor variables can be written as: log (injury rate) = 0 + 1 (year−83) (1) (As a technical aside, we used a model in which year was scaled by subtracting the first year in the data set from each year to provide a natural interpretation of the intercept 0 −exp( 0 ) to represent the fatality rate in 1983.)
The adjusted assessment of trend in rates of fatal injuries involved fitting a series of models that included year and each of the other variables, first for all industries and occupations combined, and then for each level of industry and for each level of occupation. This adjusted model can be written as: log (injury rate) = 0 + 1 (year−83) + f(race, sex, age)
where race is a three level categorical variable; sex is a two level categorical variable, age is an 11 level categorical variable, and f(race, sex, age) is a linear combination of indicator variables (see Bailer et al 10 ). In this model, injury rates are constructed separately for each year race-sex-age combination within each industry or occupation. We did not adjust the analysis for industry trends for occupation. As a shift of occupations within an industry represents a change in the industry, we thought that the assessment of fatal injury trends in each industry pooled over all occupations within that industry was the appropriate analysis. Similarly, we did not think that the adjusted analysis of fatal injury trends within occupation should be adjusted for industry. Note that the model described in equation (2) implies that the trend in injury rates within each industry or occupation is the same for each age-sex-race combination. We examined this assumption by testing for interactions between year and each of age, race and sex (see Bailer et al 10 for details on the assessment of eVect modification in these models). Neither sex nor race seemed to be an eVect modifier of year; however, the ageyear interactions in these models were significant in seven of 10 industries and four of 11 occupations. More discussion of this eVect is presented later.
Finally, we also examined the trend for all levels of each factor adjusted for all other factors. For example, we fitted the following model:
log (injury rate) = 0 + 1 (year−83) + f(race, age, industry, occupation) for each level of the sex variable (separate model fits for men and women). The coefficient 1 corresponds to the trend in log injury rates for men or women adjusted for race, age, industry, and occupation changes. Analogous models were also fitted for race, age, industry, and occupation levels.
The percentage annual decrement, both for the adjusted and unadjusted analyses, is constructed as 100×(1−e trend parameter estimate ) where the trend parameter estimate is the fitted value of 1 . The SAS procedure GENMOD 9 was used to fit all of these models. Table 1 shows a summary compilation of fatal injury counts and number employed over the years 1983-92 displayed by levels of each of the predictor variables. Over this time 51 964 occupational fatal injuries were found in the United States among the 1 120 507 788 person-years of employment.
Results
The unadjusted rate of occupational fatal injuries has declined over the years 1983-92. After remaining at about 5.3 deaths per 100 000 workers over the first three years of this interval, the rate was <5 deaths per 100 000 workers thereafter with the minimum rate over this period occurring in 1992 (3.87 deaths per 100 000). The fatal injury rate for men was about 13 times the fatal injury rate for women (7.91 v 0.61 per 100 000). The rates of fatal injuries for black and white workers were similar, 4.82 v 4.64 per 100 000, respectively, with the rates for other racial groups lower at 3.85 per 100 000. The industries mining, agriculture, forestry, fishing, and construction had the highest unadjusted rates of fatal injuries whereas finance, insurance, and real estate had the lowest. The occupations with the highest rates of fatal injuries were transportation and material moving and farming, forestry, and fishing whereas administrative support including clerical was the occupation with the lowest unadjusted rate of fatal injuries. Injury rates increased by a factor of two from the lowest age category, 16 to 19 year olds, through the next five age intervals (20 to 44 years of age). After age 44, the rates began to rise with the highest rate of fatal injuries occurring in the oldest workers (age >65). Table 2 shows the estimated annual percentage declines from the Poisson regression models for all levels of each factor adjusted for all other factors. We see that both men and women experienced significant declines in rates of fatal injuries with the decline for men almost twice that of women. Both black and white workers had significant declines in rates of fatal injuries; however, other races did not decline significantly. All industries except manufacturing and real estate experienced significant trends with all declining except for wholesale trades which experienced a 2.1% annual increase in the rate of fatal injuries adjusted for all other factors. All occupations except sales and administrative support including clerical had significant declines with all but machine operators, assemblers, and inspectors experiencing a decline. A decline in rates of fatal injuries was found in all age categories except in workers >60. Also, the size of the annual decline decreased with age.
With all industries and occupations pooled, an annual decline of 3.4% a year (95% confidence interval (95% CI) 3.11% to 3.69%) was found in rates of fatal injuries based on fitting an unadjusted model to rates of fatal injuries. Applying the race-sex-age adjusted model to all industries and occupations combined resulted in an estimated annual decrement of 3.1% a year (95% CI 2.79% to 3.38%). The goodness of fit of the regression model was also significantly improved by the consideration of race, sex, and age. A general decline in rates of fatal injuries was found across most industries (nine of 10 industries) and occupations (nine of 11 occupations) in both the adjusted and unadjusted analyses. Changes over the 10 industry groups ranged from a significant decline of 5.3% a year in public administration to a significant increase of 2.6% in the wholesale trade. Annual changes over the 11 occupational categories ranged from a significant decline of 6.2% a year in technicians and related support to a significant increase of 1.6% a year in machine operators, assemblers, and inspectors. In the retail trade industry, the direction of the trend changed from decreasing rates (adjusted) to increasing rates (unadjusted); however, the trend was not significant in either the adjusted or unadjusted analyses. One caveat should be raised in discussing these trends. As noted previously, age seemed to be an eVect modifier of the time trend in seven of 10 industries (except for agriculture, forestry and fishing; mining; and retail trade), and in four of 11 occupations (including technical and related support; precision products, crafts and repair; transportation and material moving; and handlers, helpers, and labourers). We explored the nature of this eVect modification by fitting a model similar to model (2) with the addition of a term corresponding to the interaction of year and age. In general, when this interaction was significant, the trend for workers age >65 was positive (increasing rates) or not changing whereas the trend for younger workers was negative. Thus the results presented in table 3 represent the trend pooled over workers of all ages, and we might expect greater declines than 2 Finally, although the period covered by this analysis is reasonably long (10 years), in the interest of surveillance, the decrement in rates of fatal injuries should be reassessed as future years of data are available.
The overall unadjusted decline in rates of fatal injuries of 3.4% a year was similar to the 3.7% decrement reported by Stout et al 2 for all industries combined over the period 1980-9. By comparison with the analysis of Stout et al, 2 table 3 shows that the estimated changes for the individual industries were all smaller-this can be explained, in part, by diVerent, although overlapping, periods along with the use of a model based calculation of trend. Clear diVerences in rates of fatal injuries were also present for each of the demographic variables. More detailed analysis and discussions of trends in rates of fatal injuries over levels of these variables can be found in various sources. 2 3 An important extension and contribution of the present analysis was the examination of changes in excess of demographic and employment influences. Our goal, in this adjusted analysis, was to evaluate whether the trends in occupational fatal injuries in various industries p Value associated with a test that the (trend) parameter = 0 (2 tailed). *est = estimate of the (trend) parameter associated with year in "adjusted" or "unadjusted" model; %decline = 100 (1−exp(b1)) where b1 is the estimate of the (trend) parameter. †Adjusted model = log (injury rate) = 0 + 1 (year-83) + ƒ(race, sex, age) where race is a 3 level categorical variable; sex is a 2 level categorical variable, and age is an 11 level categorical variable. Unadjusted model = log (injury rate) = 0 + 1 (year-83).
or occupations persisted after the changes associated with workplace demographics (race, age, sex) were factored out. If the injury rate in a particular industry was not decreasing, but the workforce had shifted with time to workers with lower risks of fatal injury-for example, greater mix of women or younger workersthen a decreasing trend in unadjusted rates of fatal injuries might be found in this particular industry simply due to the change in the demographics of the workforce.
The results of this analysis suggested a significant downward trend in rates of fatal injuries over the years 1983-92, above and beyond changes in the distribution of race, sex, and age. For most industries and occupations, the combination of race-sex-age contributed from 0.2% to 6.2% a year to the decline. Significant increases in adjusted rates of fatal injuries found in the wholesale trade industry and in the occupations of machine operators, assemblers, and inspectors, suggest that these groups are appropriate targets for both additional analysis and injury prevention eVorts. The modification of the trend by age also suggests an area for future study. Why are the oldest workers experiencing increases? Why are younger workers showing a decline that levels oV with aging?
It is encouraging that the risk of dying from an injury at work is decreasing overall, and in most industry and occupational groups. Although race, sex, and age play a part, there are clearly other factors as well as demographic characteristics that influence the trend in risk of fatal injuries. Hypotheses and discussion of potential reasons for changes in rates have been presented by others, 2 and more definitive studies of other contributing factors are clearly warranted.
Identifying and measuring the eVects of injury prevention eVorts and other causal factors contributing to reductions in risk are diYcult on a national basis with surveillance data alone. However, these data can be used eVectively to increase our understanding of the part various elements play in occupational risk. By factoring out the eVects of changing employment patterns (through the computation of rates), proportioning out the eVects of demographic characteristics (through models such as this), and examining the resultant trends within industry and occupational groups, we can begin to narrow the field of factors potentially contributing to the risk of fatal occupational injuries, and improve progress towards reduction of that risk. 
